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1 RESEARCH AND PRACTICE I 

An Ecological Study of Tuberculosis Transmission 
in California 
( Ward P. Myers. MO. MPH. Janice L Westenhouse. MPH. Jennifer Rood. MD. MPH, and Lee W. Riley, MD 

Tub&& is asodd disease caused by an 
airborne pathogen with low infeectivity. The 
mnmk ion  of t u b d &  depends on human 
interdction within mmmunities However, some 
mmmunities pmvide a better environment for 
diseare mnmk ion  than others. Reviaus stu; 
vdance has domented p a t  disparities in 
rates of tubdos is  among neighborhwdr' 
These Werenaes depended in part on mmmw 
nity4evel ecological risk factors that fadlitate 
tmmidon-povq ,  mwding, and other 
mark- of deprivation have long been anod- 
ated with increased rates of t u b d c s k u  

B m e  ofits airborne tammidon and 50d. 
eta1 impad, tubarulmisis dmely monitod by 
local. state, and federal health depaitments 
Cas& o f t u b d o d s  are mbjfdto mandatory 
reportingmsll50MtestheDirtridof6hun- 
bia, US dependencies andponenio~. and mde 
pendent nations within the United States Native 
Americanland9,'In addition to maring treat- 
ment health depamoenis mned casespedfic 
demopphic information (cg, age. rice, for 
e i@hm stam) and diseare i n f m t i o n  kg. 
site ofiniectio~ drug resistance)? The foux on 
individual u w  however, nq$ech the emlo* 
cal m n h t  ofthis disease Information about 
mmmunity-level, emlogical risk fadon far mn- 
trarting tubedosiiis important for shuchuing 
apublic heal& rerpanse to this illnea 

Emlogical data can be obtained by gmmd- 
mg ad- fmm reported cases, and then 
lh ldngth~e CasK to gmpphic iocdons such 
asthecenwsiractTheUSCensusdefinesa 

trad as a h a 9  rela!ively permanent 
statistical subdivision of a munty . . . designed 
to be rel&ely homogeneous mi& with resped 
to population charadaistici emnomic stam, 
and living mnditions at the time of establish- 
ment Census baas amage about 4000 inhab- 
itan&& Every 10 years the US C m m  mUe& 
detailed demogaphic and socioemnomic infor 
mafion about the US population When linked 
to reported t u b d o d s  WK, this information 
pennits the examination of ecological factors 

- - 
Objectives. We evaluated the association between ecological factors and rates 

of tuberculosis within California, using pediatric tuberculosis as an indicator of 
new transmission. 

Methods. Ecological variables such as raciallethnic distribution, immigration 
level. education, employment, poverty, and crowding were obtained from the 
United States Census for each census tract in California. These data ware incor- 
porated into a negative binomial regression model with the rate of pediatric tu- 
berculosis disease in each census tract as an outcome variable. Disease rates 
were obtained by geocoding reported cases. Subsections of the state (San Fran- 
cisco and Los Angelesl were examined independently. 

Results. Census tracts with lower median incomes, more raciallethnic minorities, 
and more immigrants had higher rates of pediatric tuberculosis. Other frequently 
cited risk factors such as overcrowding and unemployment were not associated 
with increased disease after adjusting for other measures. Risks were comDara- 
ble across regions, but subtle differences were noted. 

Conclusions. The techniques used in this work provide a way to examine a dis- 
ease within its social context The results confirmed that tuberculosis in California 
continues to be a disease of poverty and raciallethnic minorities. (Am JPublicHealth. 
200696:685-690. doi:10.21051klPH.2004.048132) 

thatarearxldatedwithdkeascUseoftheeen. 
% trad has many advantages over the use of 
other geogaphicunits such ns ~p code. Revi- 
ous work has shorn that populations dehed 
by zip codes, beinglarger and more hetemp 
nmus give more variable results than 
!mc& in emIo@caI malyd+' 

Emlogical analysis of tubercul& is amp& 
cated by the diseases long inmbation p&od A 
delay of 30 years or more between infection 
and dinical disease  ha^ been doaunentedB 
bringing into question the validity ofstudies 
mmparing arrront emlogical data to case re 
prls fmm ndul& Cases of tuberculosis in M- 
dren, m m p d  with cases in adults have a 
short delay between infedion and onset of & 
ical disease The incubation period is limited by 
the W s  lifespan an4 thus a greater pmpor 
tion of cases are kkey to be primmy h e  
Cves ormrringin children r e p e n t  recently 
acquired infection and serve as a sumgate 
marker for ongoing haMninion For this m- 
son, t u b d o i s  ~ s e r  in children mused by 
state and local health departments to monitor 
the s u m  oftubdodsmntrol adivitier 

- 

Recent studies have supported the role of 
eml+al risk fad0rs sum as pmty, la& of 
s o d  capital and ovemuwding, in t u b d o d s  
diseaseL7P'SAlthough these studies have used 
a variety of techniques, there are limited data 
using exdlrsiveiy pcdiauic orses to look at no- 
logical risk for t u b d c s k S  in this work we 
developed a multivariate model for prrdiction 
of tubemhis tmsnk ion on the basis of e m  
logical measurer and pediahic ~ s e s  fmm cen 
sus baas in the state of California Data fmm 
California are particularly useful for under 
standing tubdos is  in the United Stater In 
2002. California reported 3159 cases of t uba  
atlo& or 21% of the national total.' Frother- 
more. mu& of the United S W  is now begin- 
ning demogaphic and ethnic shiRs that mirror 
the changes that have ornuTed m California 
over the psn 10 years 

METHODS 

Data Coiiectlon: Tuberculosis Cases 
Care information was obtained fmm the 

Califomla Deparbnent of Health Services 
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I RESEARCH AND PRACTICE I 

TABLE I-Ecological Measures Derived From Year 2000 US CensusTract Data 

Summary Cmn 
MWR Opmtional Definition File Variable 

Demogrdptic 
Man RE Perrenlage ofpapuiation in cenrurtradihalseif.~portrAIian 1 P4 

m E ( l  K4E Onb,MG-HbpaniC) 
6laCLfa~ PercMlageofpopulation in censustad thatself-RPON black 1 P4 

race (1 race onV,nmHispanic) 
Hirpanic eihnicjb ~ l a g e o f p o p u l a t i o n  in cmmlract thalself.~pafk 1 P4 

HlrpaniceLhnicily 

lmmigrdtion Permlageof population thatwas bom omde UleUnifed Slates 3 P21 
Education: Low allainmerl Percentege o fpemm25pnand  olderwiih lerr than a 3 117 

higrrhw.4 diploma 
OmIPatioE UnemplqmenI b t a g e  olpemmaged 16 and older in ihe labor forre who 3 P43 

are unmplqed 
hnomy: hledian lnmme Median hwrehold inmme forcenrustradin 1999 3 P53 
Housing 

Umned howholds Perrentage of houSeholdsdW1 p m n  permam 3 HZ0 
Fnpuiationdenri~ Numberof people persquare mile 1 P1 

T u b d o s i s  Conhol Bmch. We anal& all ofnonidentifying m e  information w a ~  sp 
3208 cases oftubedosis in children aged 0 proved by the California Department of Health 
to 14 years that were reported in the 10 y e a  Services Tuberatlosis Conhol Branch Tuber- 
betweenfanmy 1.1993. and December 31. culosis cse  rates per 100000 pan-years  
2002. The rases were geomded and each were datlated on the bask of pDpulations 
care u w  linked to a aensus h a d  fmm the fmm the 2000 C e m  
2000 US C a w  A census hadnumberwa~ The anaysis was repeated. limiting t u b a -  
available for 3164 cares (98.6% of total). Use I& rases to Mdren aged 0 to 4 y m  As this 

TABLE 2-DescrlpWe Charactet lst ics of 7018 CensusTracIs In Callfomla' 

Variable Mean SO Range 

T o l  population p e r ~ m u  tract 4819.7 2129.8 3-36144 
Pediauic(0-14pn) pupulation 1109.1 6628 1-7962 
CaserofTBaged M 4 p h  fmm 1993-2002 0.5 1.0 0-15 
Pediatic care rate (per 100WO p e m w p n )  3 8  9.0 0-230 
Wd~rac%% 10.6 129 0-95 
Black race.% 6.4 11.4 0-91 
Hipanic elhicity.% 31.0 25.5 0-98 
Foreign ban% 25.5 16.1 0-100 
Lower Wucaled.% 24.4 19.3 0-100 
Unemplo]ed.% 7.4 5.6 0-1W 
Median household inmme.5 51 615.7 24 585.4 0-200 W 1  
Ijuingin &ed housing,% 163 165  0 4 0  
Population densiIy(pwple/squaremik] 6054.3 9205.1 0-156015 

Norm-blbucu&SO-51andaddeuiatMn. 
'California bs 7049census badr.PIiorloa~@is.31 t rac l lwe~ m l u d d  begwtheir  peditricpopulation was O.Nol0 
ms?svere pierentln ihemduded c e m  track 

approach yielded similar r d t s  the 6nal analy- 
sis used cases inpatients aged 0 to 14 y m  

Data Collection: Ecological Measures 
Emlogical m e m  were obtained fmm the 

2000 US CeMls Web sitenJ8 Individual .mi- 
ables were selected 6um summa?, nes 1 and 
3 trable 1). Prior to anal* variables were 
ehow that charaderized traditional risk fac 
tors for transminion oftubeiwlosk 
Means and standard 6kbiiutimn for predic 

tor variables were calculated for all induded 
~kacIsandarereprtedinTable2.Voli-  
ablesweresiandasdizedtoazsealeonthe 
bads oftheir mean and standanl deviation 
KX-meanllSD). 'Ibis standardization oivari. 
a b W  pennitled the g e n d o n  o f t u b d o s i s  
incidence rate ratim that muld be mmpared 
among emlogical m m  (eg. how does the 
incidence rate dtange for a 1-standanldwia- 
tion in- in ppubfion density, mmpared 
with a lstandard-deviah'on in- in percent- 
age of rrsidenb in poverty?). 

Statlstlcal Analysis 
The number ofpediaf3c cares for each en- 

sus had was modeled as a negative binomial 
d i r tn ion .  In mntrast to the W i n  distribu- 
tion, a negative binomial distribution does not 
esaune thatthe variance equab the mean and 
anow for more zem munb and wadispa 
i o n U  Therefore. it is a useful model when the 
variance of a population exceeds the mean In 
this analysis the model took the form of 

for each CMN~ tract [i=l.. . ,70181, where 
A is the expeded oses in each census tract, x, 
is each standardized emlogical me- (with 
its assodated P,rrgession me5cient). q is 
the disturbance or ermr term, and pop is the 
2000 population (age 0-14) in the census 
trad times the years exposed (times 10, for 
time exposed). The log(pop,) term has no re- 
p s i o n  mefiicient because it serves as an 
offset Oog A, - log(pop,)=log [case ratei]). 
The a, term represents ermr and dispersion 
in the form of a negake binomial &iu- 
tion The exponent of each Pi ~ g e s s i o n  mef- 
fident provides the intidance rate ratio for a 
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I RESEARCH AND PRRCTICE I 

TABLES-Unhariate and Multlvarlate Incidence Rate RaUos for PedlatricTuberculosls and 
Selected Ecological Measures in the State of Califomla' 

Univarialehbis InlemediateModd Full Mullivariata bat@ USBom SiraWm Only 

llrebbasedmeasure IRR 9 X U  IRR 9RCI IRR 9 5 5 0  IRR 95%U 

M a n  race 1.08 (1.04.1.13) 1 2  (1.14,150) 1.18 (1.08,128) 
Bhck rae 121 (1.17.124) 1.19 (1.14.1.23) 127 (122,1331' 
Hbpanicelhniciv 156 (151,1.62) 125 (1.12.1.401 138 (12.158) 
Fmign born 1 . a  (159,161) 126 (1.141.40) 126 (1.11.1.44) 
h r  educated 1.67 (1.62,1.73) 1.13 (1.01,127) 1.12 (099.127)' 1.13 (036,152) 

WNqed 1.44 (1.40,1.48) 1.04 (039,110) 1.02 (0.97,l.OSI' 097 (0.9.1.04) 
M i e n  lnmme8 225 (211,240) 155 (1.421.70) 1.52 (1.48 1.781 1.75 (155,1.97) 
Cmwdedhouring L69 (154,1&4) 1.16 (1.05,118) 0.87 870.77.0.98)' 081 (0.7.093) 
Populationdendly 132 (128,135) 1.07 (1.03.1.12) 1 (095,1.04Ie 1 (0.95.1.OQ 

Wok IRR-incidence rateratio: 0-wnlidenceinleml. 
'IRb refledthechange in Be  inddencerate Vlalormnwhen thearea.bared meavlre inueares by1 rtandald denation. 
Themullivaliale a n a m  holds ail othervariabisconrtanl 
'Slandardivabesformedian 1nmmeareinverted.iRRWchangefora 1.standarddciationdmsein mediininmma 
LFour~liablsshaveda lonofsignificancea a MfactDror changed lo a miidhDrntWficlor in the model that . . 
induded allvaMble~ 
%IaiRRf&!l WiablaintheUEbomNrmrnwarouhide ihe$5%m~dencelnmbforthefullml~te anahmrmodd. 

1-stnndard.deviation change in the mrrespon- 
ding emlogical measure 

Each emlog'cal me- was initiany exam. 
ined alone and then as a part of a multivariate 
model with the other mearurer To better un- 
derstand the ims of significance for many sodo- 
emnomic variables m the full model, we ana- 
I y d  an intermediate multivariate model 
(witbout mce, ethnidly, or immi~~tion). I n 5  
dence rate mtim with 95% confidence inter. 
vals for each m m  are reported in Table 3. 
The multivariate model is reported in fulL An 
variables were selected prior to analysis. and . . none were &mmi& 

To anen goodness of fit, deviance reddualr 
were calarlated for the mullimfate negaLive bk 
nornial model with mNLant d i spe~on  Greater 
than 99% ofpredided standardized deviances 
fen within 2 standad deviations, sign3ying a 
very good 6t2' We also modeled the data 
using a P o h n  dishibution Goodnea of fit for 
the P b h n  model however, was poor (PC.01). 
Bemuse additional evidence that the negative 
binomial model was more appropriate than the 
Poisson the likelihood ratio test for dispersion 
parameter being equal to 0 (in the P o h n  
model, dqersion pammeter equals zw) was 
P<.OOl. To s e a  the extent to which the 
population adjmhent fador OogCpopJ) might 
e@rh the goodness offit, a mrrelation m a  
dent with the number o f h l b d c s i r  cases was 

caldated (?=0.1). This value was significant 
Ci part because of the larga munba of eennc; 
~ d s ) ,  but was also too dme to the nun to 
solely eqlain the model's goodness of fiL 

To reduce m r  fmm the indusion of hlbm 
~ s e s  repx%afing hanrmisdon that or 

arrrrd outside the United States, a sbli6ed 
analysis was also performed on the bads of 
munby of or@. Analysis was repeated as in 
the run mulIimiele model, but the dependent 
variable induded only cases in children born in 
theUnitedStatesfmmeachcensuskactlnb 
dence rate mlim and 95% mntidence intervals 
forthestrahlmof~sesinhildrenbominthe 
United States are reported inTable 3. 

To allow the geater San Frandsco and Los 
Angels areas to vary independently fivm each 
other and the rest ofthe state, indicator vari- 
ables were mated for mrresponding mehopok 
itan sWidcal areas ?he US Gem d&es a 
MehupolitanStatistid Area M A )  as "a mre 
area with alage population nudeus, plus adja- 
cent mmmunities having a hi& degree of e m  
nomic and sodal integration with that WE"' 
Lists of munties and census trads induded in 
the Lm Angeles and San F r a n h  MSAs are 
a W I e  fmm the US Cems Web sik' 

To mmpare diffemcer in the predictive 
powen of emlogical measures between the San 
F m n h  and Lm Angles M S k  an additional 
model was generated?his modelinduded 

rrosrprcducts that allowed mrfiidents for e m  
logical measures fmm the 2 MSAs to vary in- 
dependently. For darity, amqmducts that 
w m  lea si@wnt than P=.05 were =wed 
by backwa~I elimination The d t s  are de- 
picted in F i p  1. 

An analyses were mnducled using Stata, 
Version 7.0 (Siata Corp, College Station, T d .  

RESULTS 

W t h e  10 years induded in this study, Cal- 
ifomiahad 3208 casesoftllbercul& in itspe- 
diatricpopulation On the basis ofthe 2000 
cwus. there were 7.78 million individusls aged 
0 to 14 years yielding a aude inddencerate of 
4.1 oserper 100000 person-years. Individual 
census trads however, showed very d i v e m t  
lates lnddence rates ranged fmm 0 to 230 per 
100000 persoL-years 

Results of univariate. intermediate, multivari- 
ate, and stratified mod& are depicted in 
Table 3. In the univariate models, the had& 
tional emlogical me- were all slmngly ar 
sodated with pediatric t u b d o s i r  Howwer, 
when the v;niebles were combined into a single 
multivariate model, measures ich as lower ed- 
uuh'on, unemp10ymenf aowding, and popullr 
tion density became lea predictive Cems 
tlads with lower median inmmes and more m.- 
adethnic minorities and foreip-tam individ- 
uals were particularly W y  to have in& 
rates of disease when the otherwriables were 
held constant Notably, Asian race appeared to 
beageaterriskfadorinthemulthkte 
model than in the univariate model, and 
aomled houdng became a mildly protective 
fador in the multivnriate model. 

The intermediate model suggested that much 
ofthe lass of signifimce for lower education 
unemployment rrowding, and populalion den- 
sity was -1e to each fador's mllineady 
with inmme The inddence mte d m  in 
Table 3 are b e s t m n c e p m  as c h a n p  to a 
hypothetical "average census trab" %aver 
age eennc; trad is charaderized by the emlogi- 
01 measures s h m  in Table 2. As the p m n t -  
age of foreigrtbom reddents m m e s  to 1 
standard deviation above the average census 
trad (-y fmm 26%to 42%) the irr 
cidenac ofpediatric i u b d c s i r  would be ex- 
pffted to inpeare 1.3-fold ( d g  all other 
variables were held mmtant). 
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1 RESEARCH AND PRACTICE I 

05 J 
RaceEfhnici ly and SociodemographicVariables 

Population 

SociodemographicVariables 

Nok Incidence rate ratim reflect Viechangein Be Incidence ralelhat prmnfien Vieambaied mmreinueaser by1  
standard deriationStandard~valuslormedIanlnmmean iwerted.lnddencerate ratiorhowschange b r a  l&ndard. 
dwiation decreareln medianimme. 

FIGURE 1-Reaonal differences In lncldence rate ratios for pedlatrlc tuberculosis and 
ecologic variables, by race/ethnlclv (a) and soclodemographlc variables (b) .  

DXerences between the USborn shatum mdependentlv a m  regions (it, other Cali- 
and the fun mulrivariate analysis w m  smdl 
but informative Compared wilh the fun model. 
cenrustradswithmoreBbdssh0wednnin- 
oeased risk of disease Additionally, Asinn ram 
seemed laz strongly mrrelaed but siiU sip& 
d, and inmme became a slightly stronger 
risk fador. 

F i p  1 depicts incidence rates for pedi- 
abie b b e d o s i s  that were allowed to vary 

far& Lie, &I ~iego.  &-ento, ~w*a ,  and 
so onl. Los Angles San Fmdwo). For many 
emlogid measures. the effects on incidence 
rater in the dEerent +ens were the same 
Notable exceptiom included differences in the 
effeed of race/ethniaty, unemployment, and 
population dwdty. In adjusted analysis. San 
Frandsco-area census tram with more Black 
residents had higher rats of tuberculosis 

than equivalent cams  hads in the rest of Cab 
ifomia This trend reversed itself for measum 
of the Hispanic population: i n d g  Hispanic 
population was less of a risk fador for disease 
in Los Angeles and San Fran&cn than in the 
rest of Caliromi& Population den@ war an 
important risk fador far disease in areas other 
than Los Angels and Snn Fiandseo. 

DISCUSSION 

General Flndlngs 
Using a multivariaie model and emlogical 

data fmm a?nrus hct-level geography. we 
have shown that minority laCe/eUlruUlruaty, immi- 
gration, and low inmme are skung risk factan 
for new tuberculmis tammidon 

'IXs analysis is further support lor earlier 
studies showing that minority radethnicity is 
a risk fador for disease However, whereas 
previous researchU has sugested that the risk 
o f d e t h n i r i q  is largely second- to itr, m r  
relation with socioemnomic risk fadors such 
as low education, high unemployment mwd- 
ing, and high population density, our data did 
not support khk  mndudon in our multvariate 
analysis. the variability in cws of tuberculosis 
was better explained by immigration, radel/ 
ethnic minority groupings, and median income 
than by other variables such as low educnfion. 
high unemployment crowded housing, and 
high population density. m e  risk of race for 
diseare au ld  be caued by a mmbination of 
fadors Although genetic diiferences have 
been linked to ino'eased mycobaderial sump 
blbJity,m-z5 it s e a  more kkey that minority 
populntions are surrogdtcs for largerreservobs 
of latent tuberculosis infedion Many minori- 
tics have emigrated fmm regiom withhigher 
baseline rater of latent tuberculosis infedion, 
nnd African Americans have for the pnst few 
genenerations lived dispmporrionately in urban 
centers with higher of iubberculods dir 
ease in Caliromi% these p u p s  are lmown to 
havebigh rates of active diseasez6 Addition- 
dly, m and ethnicity are mmplex s& mn- 
shucts that may be markers for other socioee 
nomic factors that are difticult to ophm in 
such a model 

Like previous studies, our initial univariate 
anal@ demonstrated that crowding is a rirk 
fador for Ubemdar disease. However, after 
adjusting for other fadon in the multivariate 
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I RESEARCH AND PRACTICE I 

model, crowding was noted as developing a 
protedve e5& Part of this change was likely 
because of at m d o n  with other variables 
that better explained the variability in tubbenu 
lmi.; uses (mmt dpificantly. low education 
[rZ=0.81, fodgn b i i  [?=0.81, andHispanic 
ethniaty [rZ=0.61). Neverthela at reemer- 
gence ar a s@&mt pmtedive fador sug:ests 
some benefit may remain after the negative ef- 
fects are moved  by adjusting for other Mli- 
abler These rrsults muld be explained within 
the context of recent research on " s d  capi- 
tal" as a pmtecrive fador for tubem~Iodz~ 
Crowding may be assodated with a more 
tightly woven sodal network CLe, inpeased so 
&I capitall that muld p m M  against disease 
Although this re read  has shown potential, 
much m n t m v q  stin ehim on the precise 
meesurement of sodal capitaL Furlher research 
in this area is dearly warranted 

Our study also supports the amciation b e  
tween family inmme and blbertulosir d i s w  
This finding is m&t with pmious re 
scad showing a dose link between hlbertul~ 
sis end pvei-!y. Although many mdal or ethnic 
minorities may have higher rates of disease be- 
cause of historical rerervoirs of tube~~Iods  in- 
fdon, aurent levels of emnomic deprivation 
are of pitid impoItaOce 

Regional Differences 
The ere& for various emlogical risk fadon 

were g e n d y  m h t  a m  the 3 +ON 

studied. DSerences were noted in the risk of 
population density and in the risk of high ra- 
Wethnic minority populations. The lack of ef- 
fect for population density in San Frandseo and 
La Angeles was not unexpedcd because these 
2 +om have uniformly high population den- 
sities in mmpariwn to the rest of the state 

Conversely, the regional differepxs in the 
risk fadon for Black and Hispanic populatiom 
were somewhat avplidng. These L& differ- 
ences were not explained by differenm in in- 
mme or recent immigdon The inaeased rate 
oftxberrulmis noted in predominantly Black 
Censust-acLsnearSanhcismmaybeat 
leartpariidy ~ i u t a b l e  to a hown persistent 
duster of cases in a Black m m m w  in Conta 
Cmta h t y  (partof the San Fmncism MSA).~ 
To ssess the impad of this duster on the gen- 
eral finding, the analysis was repeated, exdud- 
ing census hads that mrrerponded to the 

geographic lacation ofthe previously men- 
tioned d e r .  In the new analysis the in& 
dence rate ratio d d  slightly, but not 
mmpletely (1.4 to 1.34), sugsesring that the 
latown duster may d e c t  a l w - d  in the 
SanFrandrcoarea 

Also wolthy of adcXional iwea@tion is the 
lower baseline rate of tuberculosis in the Lm 
Angeles MSA ARer adjusting for -1es in 
the model, the disease iate in Los Angeles was 
one third lower than expeded l l i s  finding is 
d e d e d  by the aude rate of disease in La 
Angeler Despite La Angeles having ahigher 
level of divmity and immigdon than the rest 
ofthe state, the aude rate ofpediahic hlbernr 
lods there is roughly the same as that for the 
state as a whole 

Strengths and Umltations 
This analysis in mmparison to other studies 

of emlDgical rirk fadon for tubertulods has the 
advantage of a f o m  on pediaaic cws. ?his 
focus permits the results to more direcly refled 
risk fadon for disease hanrminion Prwious 
studies of mol& epidemiologr have shown 
thtbetween4%and31%ofallm~e~a~ethe 
result ofrecat +mmni&~n.~~ '  .IhiF, means 
that for a vast majority of all cases. emlogical 
data obtained at the time of diseaze o w t  may 
not ~ e p r e s ~ t  fadon relevant to b a n d s i o n  

M c i e n t  data exist for similar estimations 
for pediahic ass, but it is generally amuned 
that pediahic cases mpresent Rcent tmnsmb 
don Therefore, analyses udng exd&ely pedi- 
atric aw would be qeded to pmvide results 
with 1 s  misdassification and g e a t e r p d o n  
Sba!ifiotion by munky of bhlh muld also the 
oreticdy reduce misdanification Fommp-born 
chiidren, m m p d  with USbom chiidren, may 
have been morelikely to have a c q i d  their 
inidon ovenear Becatrse the incidence rate 
ratios from the USbom-only stratlnn in our 
analysis are ranarkably similar to the d t s  
fmm the M multivKiate model, the degee of 
misdaPification may be small. 

Research that makes mmparisom among 
different me- of social inequalities is chal- 
lenging sodal meannes ofinmme, education, 
and ethnic h ~ t a g e  all use different u& and 
scaler Furthermore, the shape of each distni- 
tion diffen, and M o l d  effects are often un- 
h o r n  To ad* these challenges, we stan- 
d& variables to a scale on the bask of 

mean and variance B m e  each independent 
variable is ha~formed through addition and 
multiplication of mNtants the mapitude of 
the dringinadence rate ratio dtanges but 
its &don and dpifionce do not 

Alternative methodr of standatdimtion for 
predidor variables have been used elsewhere 
These indude use ofiaw variablesn" mmpar- 
ison by quartiles7 use of the relatiw index of 

use of amultiple variable index 
smre,79 and numerow others30 !2ach of these 
techniques has advantager and disadvantages 
(the fun disrursion of which is beyond the 
smpe ofthis paper). Broadly spenldng, these 
techniques tend to d c e  either ease of mm- 
parison io other variables (in the edse of iaw 
smrer andlog translomatiom) or clarity of 
W q u e  Ci the case of indices). We propose 
that although the terhique oistanda&?&m 
by mean and variance is by no means perfed, 
it is an acceptable mmpmise that permits the 
dearmmparison between emlogical m m  
by nonstatistidans. 

This analysis however, is not without limita- 
tions. Collinearity, which wcurs when indepen- 
dentvariables are identical o r v q  dmikto 
each other, can be problematic in emlogical 
dudis. ?his omns because -gated Mde 
emnomic variables tend to be more highly m r  
related with earh other ihan individual sod* 
emnomic varinbles?' This effed is magdied 
in studies with a small number of large heten- 
genmus reg'ons. G e n d y  speaking, mllinear 
ity reduces the sipificance of a study's hdings 
by i n h g  the varianm ofits -on mef- 
fiaents This effect may have resulted in the 
underestimation ofthe inddence rate ratios 
reported in this d d e  We attempted to mini- 
mize this effect by analyhg 7018 census t-acLs 
and by selecting avariety of differingsodoecc- 
nomic variabler Additionally, we mnhned 
that the potentinl mllinearity bmuse oTanwd- 
ing did not destabilize the M model, because 
the remaining swish changed only minimany 
(0.5% to 5%) when crowding was removed 
from the analysir 

Some misdaPification may have ormrred 
through the use of cases reported between 
J a n u q  1993 and December 2002 and eeo- 
lopcal meawm taken fmm the 2000 US 
Census. Although emlogical meantres for 
each aensus had  do shift over time, data 
from the national cenm is only mlleded 
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every 10 y e m  Because there are insuilident 
cases ofpedh!xic tuberculmis each year to 
analyze individually, this study mmbined 
cases over 10 years and used census data that 
were obtained during that time period 

Aggregated eoologid meamw such as 
thme used in this study, are dkiinct fmm their 
analogous individual4evel cham&&ja3' For 
emmple, having a low inmme affeds an mdi- 
vidual differently than living m a poor neigh- 
borhood Became the California Department of 
Health doer not m a y  mned &ta on in- 
mme, education, or household mwding h m  
individual hlberculods rases. we were unable 
to dhedly mmpare emlogical andindividual- 
level factox However. such a muHevel analy- 
sis would be informative and should be pur- 
suediniumrerearch 

Fmally, h l b ~ ~ ~ ~ I o d s  mmmkion is a mm- 
plex proaers that depends on many factors. The 
models developed in this invedgalion indude 
several Mliables, but other important variables 
may be mining. 

CONCLUSIONS 

Emlogid studies such as this pmvide valu- 
able information Disease trammjnion within a 
popuktion depends both on individual hmtiisk 
fadon and mmmunity-level njk fadon thaI 
govern the individual's expmure to direas& ?his 
researrh s u m  speci6c emlogid factors that 
are assodated with incs-ewd rates ofluberculw 
sis direase St& and lael hlberculmis mntml 
pm&?rams may use this information to idenIify 
"at njk" geogqhic areas that merit inawsed 
disease surveillance ?here bduiques under- 
mre both the importance of geographic infor- 
mation in cue  reporting and its antibution to 
the bewunderstnnding of direase n 
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